Hepatitis C virus (HCV) RNA was detected in the sera of patients with non-A, non-B chronic liver disease by polymerase chain reaction (PCR). RNA was extracted from the serum, reverse transcribed to cDNA, and amplified by PCR. With this method, 30 patients with non-A, non-B chronic liver disease and 10 healthy subjects were tested. HCV RNA was detected in 13 of 16 (81%) anti-HCV-positive patients and also in 7 of 14 (50%) anti-HCV-negative patients, but in none of 10 anti-HCV-negative healthy subjects. Specificity of this method was confirmed by direct sequencing of amplified cDNA segment. The nucleotide sequences (37 nucleotides) obtained from 15 patients showed only 68-78% homology compared with the prototype HCV nucleotide sequence. In addition, of 15 nucleotide sequences, there were 12 different types. But the translated amino acid sequences (12 amino acids) showed 83-100% homology compared with the prototype HCV amino acid sequence.
Introduction
Serologic evidence of hepatitis B virus infection is present in only 20 to 30% of our patients with nonalcoholic chronic liver disease (1) . Alcoholic liver disease is far less common in our country than in the U.S.A. (2) . Thus, presumed non-A, non-B disease probably accounts for more than 50% of our chronic liver disease. Recent success in cloning hepatitis C virus (HCV)' RNA has made an assay system to detect antibody Address reprint requests to Dr. M. Omata, First Department of Medicine, Chiba University School of Medicine, 1-8-1 Inohana, Chiba, Japan (280).
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against HCV available (3, 4) . However, an assay system to detect HCV, namely viral antigen or viral nucleic acid, is not widely available. It is estimated that HCV contains a positivestrand RNA molecule of -10 kb (3, 4) and -70% of the nucleotide sequence was disclosed (5) . In this study, we developed an assay system to detect HCV RNA using polymerase chain reaction (PCR), and analyzed the serum samples obtained from patients with non-A, non-B chronic liver disease.
Methods
Extraction ofRNAfrom the serum. RNA was extracted from the serum as previously described (6) . In short, I ml of serum was diluted with three times volume of 50 mM Tris-HCl (pH 8.0), 1 mM EDTA, and 100 mM NaCl, and centrifuged at 100,000 g for 3 h. The pellet was digested with 1 mg/ml proteinase K and 0.1% SDS, extracted with phenol/chloroform, and precipitated with ethanol. Table  I . In addition to these 30 patients with non-A, non-B chronic liver disease, anti-HCV-negative serum samples from 10 healthy subjects with normal liver function tests were also tested.
Results
Detection ofHCV cDNA. The observed size of the PCR products was -105 bp in the acrylamide gel (Fig. 1 ). This size was consistent with the expected length of 105 bp between the two primers used for PCR. With this method, HCV RNA was detected in 13 of 16 (81 %) anti-HCV-positive patients and also in 7 of 14 (50%) anti-HCV-negative patients. This was not detected in any of 10 healthy subjects who were seronegative for anti-HCV antibody. Direct sequencing of HCV cDNA after PCR. To confirm that these amplified segments contain the nucleotide sequences homologous to that of the prototype HCV, we performed direct sequencing of the PCR products from 15 patients using the radiolabeled sequencing primer. A portion of cDNA segment corresponding to the position 3525-3561 (37 nucleotides) was analyzed in 15 patients who were positive for HCV RNA (Table II) . Ofthese 15 patients, 8 were seropositive and 7 were seronegative for anti-HCV antibody. The nucleotide sequences (37 nucleotides) obtained from 15 patients showed only 68-78% homology compared with those of the prototype HCV. In fact, none of 15 nucleotide sequences completely matched the prototype HCV nucleotide sequence. These variations were also observed among our Japanese patients. Of 15 patients analyzed, 12 different types of nucleotide sequences were observed.
Then the translated amino acid sequences (12 amino acids) obtained from 15 patients were analyzed. The amino acid sequences showed higher homology (83-100%) than the nucleotide sequence. The nucleotide substitutions frequently occurred at the third position of the codons: the amino acid substitutions rarely occurred. Of these 15 patients, no amino acids were substituted (100% homology) in two patients (20 and 23 in Table I ), only one amino acid was substituted (92% homology) in 11 patients, and two amino acids were substituted (83% homology) in two patients (3 and 18 in Table I ). Furthermore, the amino acid substitution occurred at the same position in 13 patients.
Discussion
Recent success in isolation of a cDNA clone from a bloodborne non-A, non-B viral hepatitis genome made the development of an assay system for determination of anti-HCV antibody available (3, 4) and subsequently the nucleotide sequence of HCV cDNA was disclosed (5). However, an assay system for detection of the virus itself is not widely available. Conventional immunological methods may not be useful to identify insufficient concentration of this viral antigen. An alternative approach is to detect viral nucleic acids by the hybridization method. However, the sensitivity of conventional spot hybridization tests is thought to be 0.1-1.0 pg from the previous studies ofhepatitis B virus (10, 11). Thus, at least 103-virions have to be present in the specimen to be detected by the conventional spot hybridization method.
Recently PCR, an efficient method to amplify DNA sequence, was described by Saiki et al. 
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Numbers in parentheses represent the nucleotide positions of the prototype HCV cDNA (5) . Dashes represent nucleotides that are identical to the prototype HCV cDNA.
verse transcribed to cDNA and PCR was used to amplify the cDNA.
Regarding the specificity ofthe PCR products, we analyzed the size of the PCR products by an acrylamide gel and found them to have the expected length between the primers. To confirm that the PCR products have homology with HCV cDNA, we determined the nucleotide sequence by the direct sequencing method. We analyzed 15 amplified cDNA segments from 15 different patients, and found that a portion of viral cDNA nucleotide sequences showed 68-78% homology with those of the prototype HCV reported by Houghton (5) . This result was consistent with the previous report that the nucleotide sequence obtained from one Japanese anti-HCV antibody-positive serum showed comparatively low homology with that ofthe prototype HCV (12) . However, the amino acid sequences varied less and 83-100% homology was observed between our Japanese amino acid sequences and the American prototype amino acid sequence. This indicates that the nucleotide variations frequently occur in the third nucleotide of the codons. In fact, of 150 mismatches with the American prototype HCV nucleotide sequence, 131 (87%) were in the third, 1 was in the second, and 18 were in the first nucleotide of codons. The direct sequencing method using amplified products of PCR could omit many steps of complicated conventional cloning and sequencing procedures, and could be performed in a few days.
In this study, we could compare the results obtained by anti-HCV-antibody determination and HCV RNA detection by PCR. HCV RNA was detected in the majority of anti-HCV-positive sera. Anti-HCV antibody is supposed to react with nonstructural protein of HCV (5). This study revealed that the presence of anti-HCV antibody in our patients was associated with the viremia. However, the viremia was also found in some of the patients with non-A, non-B chronic liver disease who were seronegative for anti-HCV antibody. It was previously reported that HCV RNA was detected in the liver of anti-HCV seronegative patients (13) . The finding of HCV RNA in the sera that were negative for anti-HCV antibody strongly suggests that some of the viremic patients may not produce a sufficient amount of antibody against the peptide of the nonstructural portion ofthe virus genome. In fact, a recent transfusion study revealed that anti-HCV-negative sera still transmitted HCV infection (14) . The anti-HCV antibody assay kit is made to detect antibody against peptide (C 100-3) synthesized by American HCV prototype (5) , that some of our Japanese HCV carriers may have the antibody that does not react with that peptide, but does with our own.
Detection of HCV RNA in human liver and in chimpanzee sera of acute phase was previously reported ( 13) . We have now reported that HCV RNA could be detected in human sera of 1 ml or less. In addition, the direct sequencing method using amplified products of PCR revealed heterogeneity of the nucleotide sequences derived from Japanese patients with various non-A, non-B chronic liver disease, including hepatocellular carcinoma. This detection method of viral RNA may have wide applications in the diagnosis, the prevention, and the treatment of hepatitis C virus infection. However, for the application of this method in routine laboratories, it is necessary to take several precautions. Since PCR is highly sensitive, the contamination of samples should be avoided. Each nucleotide sequence obtained from our Japanese patients showed variations from the prototype HCV nucleotide sequence or even from our own, so that the analysis of the nucleotide sequence variations may help to check contamination to some extent.
For universal adaptation of this method, whole procedures could be automated, and the possibility of contamination might be eliminated in the future. But until that time, quality control by taking positive and negative controls is needed in every laboratory that conducts PCR.
